Two very important major factors that have driven rapid growth of cities and towns are population growth and large-scale migration. Urban buildup information is required for enormous application for planning land use and management. A challenging task is to extract urban build up areas from moderate-resolution Landsat images due to intra-urban heterogeneity and spectral confusion between other land cover types. In this study, urban area was extracted from Landsat series of thematic mapper (TM) and object land imager (OLI) between 1984 and 2017 of Adama city in Ethiopia. Study chose two indices, Normalized Difference in Built-up Index (NDBI) and Normalized Difference in Vegetation Index (NDVI) to represent three major urban land use classes, i.e., built-up/barren/bare land, open waterbodies, and vegetation. Built-up area has been extracted by taking difference between NDBI and NDVI to remove water and vegetation noises and the resulting image was spectrally segmented to separate built-up areas. Derived index was utilized to plot decade difference of built-up area from 1984 to 2017. In order to compute Shannon entropy value, the study area was divided into 52 equal zones to quantify urban sprawl. The expansion of the built-up area has been revealed as a major change in the area when city area expanded substantially by six times 51.3364 (sq. km) area of 1984 (8.80 sq. km).
Introduction
In developing countries, rapid growth of urban population is one of the major challenges for governments and planning agencies. According to United Nations Department of Economic and Social Affairs report, 54% (3.9 billion people) of the world population is located in urban areas and it is expected to attain 6.3 billion in 2050, with closely 90% of future urban population increase in developing world cities.
1 Unplanned development, uncontrolled population, urban growth and economic development has set the platform for environmental and social issues, such as food insufficiency, illegal settlements, environmental pollution, environmental deterioration, occupation of fertile farming lands, forest destruction, reduction of surface water bodies, and permanent changes in land cover in modern cities. 2, 3, [8] [9] [10] [11] [12] [13] [14] Though urban areas are 3% on the earth's surface, their ecological footprint is much more extensive. 4, 5 Development of urban sprawl is considered a major force for land cover change in the history of human civilization. 6, 7 Usually urban sprawl exists either in radial direction from center or linear direction along the highway. Normally, urban expansion is observed on the urban fringes and along the highways. A number of studies have been carried out on urban sprawl in developed and developing countries. In developing countries, information regarding the estimation of urban sprawl is not available for most of the urban centers. Unfortunately, conventional surveying and mapping techniques will not help urban sprawl because it is expensive and time consuming. As a result, recent research has been increased towards the mapping and monitoring of urban sprawl/growth using GIS and remote sensing techniques. 27 Remote sensing has been found costeffective and technically innovative and strong in recent years for analysis of urban growth. [28] [29] [30] For the past decades, a wide range of research has been made on urban change detection using remote sensing images. [31] [32] [33] [34] [35] The above studies adapted either an image-to-image comparison or a post-classification comparison.
On the other hand, many researchers have failed to define exact meaning of urban sprawl that urban sprawl meant to be increase in impervious surfaces corresponds to higher intensity of sprawl. 36, 37 Impervious area generally referred to is area including residential, commercial, industrial complexes, paved roads, markets, etc. Primary parameter to quantify the urban sprawl is which can be collected through either physical survey or remotely sensed data. [38] [39] [40] There are a variety of approaches used to extract or measure the area of impervious surfaces, pattern recognition approach like supervised, unsupervised and knowledge-based expert system approaches have been used to measure imperious area in recent days. [41] [42] [43] [44] [45] [46] [47] statistical technique along with remote sensing and GIS have been used to determine the relationship between the impervious area and various urban development parameters such as road density, population density, land use type, and development units' size. Several measures and factors are used to identify and quantify urban sprawl, although many of these measures exhibit several limitations. 36, 48 Shannon's entropy was used for several statistical data analyses. Shannon's entropy technique can verify and identify the disparity of urban sprawl and urban areas. 3, 22, 25, 28, 49 Shannon's entropy is a measure of uncertainty about realization of a random variable like urban sprawl that exists in newly developed areas in the form of impervious surface. Shannon's entropy (Hn) can be of help to measure the degree of spatial concentration or dispersion of any geophysical variable (Xi) among n spatial units/zones and is also useful to identify the degree of urban sprawl by examining whether land development in a city is dispersed or compact. 25, 28 Contemporary urban studies have identified three major types of urban growth as infill, expansion, and outlying. 36 New development occurs in open space in already existing building whereas expansion or urban extension or edge expansion. Outlaying or leap frog development is a change that occurs from non-developed into developed land cover that exists beyond developed areas. The general objective of the study is to quantify the spatial-temporal trends and patterns of urban growth in fast developing Sub-Saharan African cities such as Adama. Specific objectives:
• To analyze the extent of spatio-temporal urban growth using different built-up indices over 33 years.
• To quantify the spatio-temporal pattern of urban growth and landscape fragmentation. 
Study Area
The study area Adama town has 100,145. 61-hectare area coverage. It comprises Adama city, Wonji sugar factory and town, Koka Lake, and other rural Kebeles. Adama town is located in Oromia region, east Shoa zone and it bounds geographic coordinates ranging from 39°27'E to 39°30' E and 8°21'N and 8⁰46'30'' and the altitude of Adama Wereda ranges from 1500 to 2300 meters above Mean Sea Level (MSL). The population is moderately dense and annual rainfall is 500-800 mm. It is bounded by Beset Wereda in the east, Lome Wereda in the north-west, Duga Bora in the south-west, Dodo Tana Sire Wereda in the south and Shenkora and Minjar in the north. The varied topography includes hills, plains and undulating landscapes with lakes and the rift valley escarpment. The major types of vegetation are bush, scrub, grasslands; only a few places are covered by a little forest.
Qcal. During radiometric calibration, pixel values (Q) from
L0Rp image data are converted to units of absolute radiance using 32-bit floating-point calculations. The absoluteradiance values are then scaled to 8-bit values representing the calibrated digital numbers (Qcal) before output to the distribution media.
Conversion from Qcal in L1 products back to Lλ requires knowledge of the original rescaling factors. This process is given by the following relationship:
where:
• 
Data Sources and Methods

Data Preprocessing
Data continuity requires consistency in the interpretation of image data acquired by different sensors. Calculation of radiance is the fundamental step in putting data from multiple sensors and platforms onto a common radiometric scale. The following is a partial list of variables used for radiometric calibration.
Conversion to At-Sensor Spectral Radiance (Qcalto-Lƛ)
The pixel values in the Level 1 (L1) data are represented as sensors, there are three advantages to using TOA reflectance instead of at-sensor spectral radiance. First, it removes the cosine effect of different solar zenith angles due to the time difference between data acquisitions. Second, TOA reflectance compensates for different values of the exo-atmospheric solar irradiance arising from spectral band differences. Third, the TOA reflectance corrects for the variation in the Earth-Sun distance between different data acquisition dates. These variations can be significant geographically and temporally. The TOA reflectance of the Earth is computed according to the Equation:
• pƛ=Planetary TOA reflectance (unitless)
OLI Top of Atmosphere Reflectance
Similar to the conversion to radiance, the 16-bit integer values in the L1 product can also be converted to TOA reflectance. The following equation is used to convert Level 1 DN values to TOA reflectance:
• ρλ'=TOA Planetary spectral reflectance, without correction for solar angle (unitless).
• Mρ=Reflectance multiplicative scaling factor for band (REFLECTANCEW_MULT_BAND_n from the metadata).
• Aρ=Reflectance additive scaling factor for the band (REFLECTANCE_ADD_BAND_N from the metadata).
• Qcal=L1 pixel value in DN.
Note that ρλ' is not true TOA reflectance, because it does not contain a correction for the solar elevation angle. This correction factor is left out of the L1 scaling at the users' request; some users are content with the scene-center solar elevation angle in the metadata, while others prefer to calculate their own per-pixel solar elevation angle across the entire scene. Once a solar elevation angle is chosen, the conversion to true TOA reflectance is as follows:
• ρλ=TOA planetary reflectance (unitless) • θ=Solar elevation angle (from the metadata, or calculated)
Fragmentation of Study Area
In order to fragment the study area, central business district (CBD) needs to be identified. Central point of Adama city commonly referred to as CBD represents starting point of urbanization process. The entire study area has been divided into eight numbers of concentering circles with radius of 1 km from CBD with 51 vector zones used to excerpt classified images (Fig. 2) . Area of urban growth of individual zones can be calculated by total area of a particular zone to the corresponding urban area pixel of that same zone. Sudhira et al. 26 referred to city centers and roads as buffer zones to quantify the urban growth. Bhatta et al. 36 divided the whole study area into eight zones to represent eight directions for analyzing urban growth patterns. 50 ,51,52,53 used different approaches to quantify urban expansions such as drawing two transects along the urban expansions axes of the study area or circular buffer zone about its center. Relative Shannon's entropy model has been utilized in this study which is not influenced by how study area could be split into a number of divisions. This approach will provide deeper knowledge of urban growth process and its patterns in each zone at different time scales. 
• NDVI=(Band 4−band 3)/(band 4+band 3)
In order to facilitate, move on next stage of processing. Derived NDVI image needs to be recoded with 254 for pixels that have positive indices (vegetation) and 0 for remaining pixels of negative indices. Reflectance value of built-up and barren land has drastic changes from band 4 to band 5 even though vegetation has a somewhat larger or smaller DN value on band 5 than band 4. Such increment highly beats that of any other land covers. The DN values of minimum and maximum in band 4 are much smaller than those in band 5 for the same cover. Result of difference between these two bands is close to 0 for woodlands and farmland pixels, negative for water bodies, and positive for built-up pixels.
•
NDBI=(TM5−TM4)/(TM5+TM4)
Derived NDBI image has to be recoded into binary image. If the input pixel has a negative index, then the new value of ratio of resultant given is 0 or 254 if input was larger than 0. Though most of the vegetative pixels have been classified in the binary image as 0 correctly but this does not ensure that new value for vegetation is 0. In some cases, vegetation pixel might have been wrongly classified into built-up category. Further steps needed to subtract the recoded NDVI from NDBI recoded image will keep positive values for built-up and barren pixels and other covers have 0 or −254, thus allowing built-up areas to be mapped automatically.by arithmetic manipulation of three thematic mapper bands 3, 4 and 5 followed by recoding able to differentiate urban areas:
Urban Classification
New normalized difference in built-up index (NNDBI) has been used to classify the Landsat images into two classes as built-up and non-built-up areas for three different spans from 1984-2017. Classified images exhibited that some zones of built-up areas were more compact and some wide open space zones in between urbanized areas. In addition to that, edges between urban and non-urban areas are more visible in some zones. However, these two classes are close to each other in other zones. Besides, changes in time with various behavior types alter the spatial patterns of the urbanization process. Over the period of time, infill process of non-urban areas between previously urbanized areas leads to increase in the compactness of urbanization. Classified images show that extension of city limit is growing in dispersed mode. However, quantitative measures of urban growth and its properties are required to illustrate urban patterns, zonal comparison, and transformation of urban pattern over period of time.
Shannon Entropy Model
The most predominant way to study urban sprawl is Shannon entropy model that was a good measure of spatial dispersion or concentration. It is also used to analyze and assess any geographical variable. This approach gives information about configuration and orientation of spatial patterns and it can analyze the spatial variable within GIS. Level of urban sprawl can be determined by the entropy value (zero to one). Zero entropy indicates compact distribution of urban areas whereas one depicts dispersed distribution of urban areas. It means that higher the entropy value higher is the sprawl occurrence. Shannon entropy values were calculated by the following equation;
where, Pi is the probability or the percentage of the variable occurring within zone i (i.e., percentage of urban area in the ith zone determined by the urban area in the ith zone/ zone area), and n=total zones number. 
Conclusion
Remote sensing-based indices in urban areas are generally used to distinguish between different urban land-use features such as built-up, barren land, vegetation and water bodies. However, accurate extraction of these land use features is very challenging because of high intermixing between classes, especially in urban areas. This study proposed a method (NNDBI) that highlights built-up area by first highlighting built-up and barren land area based on information from near-infrared, shortwave-infrared, and thermal infrared data, and then excluded the vegetation and water noises to extract built-up area. The index was applied in Adama municipal area, Ethiopia, to map the built-up area from time series data from 1984 to 2017.
In a period of 33 years (1984-2017), the built-up area in Adama municipality has increased almost six times (51.3 sq.km) of 1984 (8.80 sq.km), which shows excessive alteration of land use occurring in the area. The results from this study on built-up area change would allow urban planners to understand and evaluate municipal growth for sustainable usage of urban land system.
